due to distance alone. We test the hypothesis that variation in soil community composition is linked 27 to variation in the physical and chemical parameters that define stratigraphy. Multivariate statistical 28 analysis of sequencing reads from soil horizons across five sampling sites revealed that 1223 29 microbial genera vary significantly and consistently in abundance across stratified soil horizons at 30 class level. Specifically Ktedonobacter, Bacilli and Betaproteobacteria responded most strongly to 31 soil depth. Alpha diversity showed a positive correlation with soil depth. Beta diversity, however, did 32 not differ significantly between horizons. Genes involved in carbohydrate and nitrogen metabolism 33 were found to be more abundant in Ah horizon samples. Closer inspection of carbohydrate 34 metabolism genes revealed that genes involved in CO 2 fixation, fermentation and saccharide 35 metabolism decreased in abundance with depth while one-carbon metabolism increased down 36 profile. 37
INTRODUCTION
38 39 Soil microbiology is a rapidly growing discipline, driven by the advances in high throughput 40 sequencing and bioinformatic techniques. Microbiological studies on alpine soils to date 41 have focused mainly on alpine forest, meadow and grassland soils (Ding et Zhang et al., 2013) . These 48 techniques are subject to significant limitations and potential biases, that can now be 49 addressed using shotgun sequencing approaches coupled with bioinformatics. 50 Several studies have shown that the number of high alpine ecosystems may be expanding 51 worldwide, due to an increase in glacier and ice cap thawing rates (King et al., 2011; Byers, 52 2008; Zemp et al., 2006) ), although there is a chance that increased temperature may 53 reverse this trend by expanding forest to higher elevations (Körner and Paulsen 2004). 54 Regardless, concerns are rising regarding the potential implications this may have for global 55 atmospheric carbon levels as soils are a major carbon sink: soil organic matter contains 56 approximately 3 times the size of the atmospheric pool of carbon and 4.5 times that of the 57 biotic pool (Lal, 2004) . Much more organic carbon exists in soils than in vegetation and the 58 atmosphere combined, and the global carbon budget can be strongly influenced by changes 59 in soil carbon content (Fierer et al, 2009; Serna-Chavez et al, 2013) . Thawing permafrost in 60 soils newly exposed to increased temperature may increase the rate at which soil microbes 61 degrade soil organic carbon thus leading to a net increase in CO 2 emissions (Davidson and 62 Janssens, 2006). Additionally, the rate of methanogenesis could potentially increase, due to 63 an increase in available metabolites for methanogens (such as acetate), generated as by- 64 products from organisms carrying out soil organic carbon degradation, which could lead to a 65 net increase in methane emissions. Though these sediments are not completely anaerobic, 66 soils in general become more anoxic with increasing depth (Yu et al., 2006) . Additionally 67 even in well oxygenated soils, methanogenesis can still occur due to the presence of anoxic 68 microenvironments within soil aggregates (Fierer 2017) . Without a more thorough 69 understanding of the functional potential of the microbial communities present in these 70 soils we cannot make predictions as to the possible effects of an increase in exposed alpine 71 soils. 72 The alpine paleosols studied in this report have developed from the weathering of parent 73 material deposited during two periods following the last glaciation: The Bølling -Allerød 74 warming of ~15-12.8 ka and the Younger Dryas (YD) from 12.8-~11.5 ka (Mahaney et al., 75 2017). Moraines (deposits of glacial debris described here) from both pre-YD and YD time 76 are evident at elevations greater than 2400m above sea level in this region of France/Italy. 77 The paleosols in these deposits are classified as Cryochrepts ( i.e. cold-climate pedons) with table S4 ) and a significant loss of information (i.e. the percentage of raw reads 230 which could be mapped onto the assembly). Since the goal here was to characterize these soil 231 samples in a general sense it was decided that the loss of information during assembly and 232 overall poor assembly statistics were deemed unacceptable. Therefore annotation was 233 performed using only the raw PE read files, since the reads were on average 300bp in length, 234 a reasonable level of taxonomic resolution can still be obtained, and in most cases 235 assignments could be made down to the genus level without much further loss of information 236 (supplementary figure S1). 237 On average ~ 80% of all reads could be assigned to at least the Phylum level, the functional 238 gene assignment rates were significantly lower at ranging from 17-26% depending on the 239 SEED subsystem level used. As taxonomic resolution increases so the number of reads which 240 can be confidently assigned to a taxon decreases, with a significant drop-off in the number of 241 reads which can be assigned to the species level, therefor for downstream analysis, the genus 242 level was the minimum taxonomic rank which was analysed..
243

TAXONOMIC / FUNCTIONAL ANNOTATION
244
At the class level it is apparent that the community is dominated by four major taxa ( Figure   245 2), the Actinobacteria, Figure 3) . 260 Interestingly while richness appears to decrease with depth, the diversity indices appear to 261 increase. Both inverse Simpson and Shannon diversity indices account for taxon abundances, 262 where a lower value indicates more uneven taxon abundances, suggesting that while the 263 number of unique genera decrease while moving down a soil profile, the relative abundances 264 of these genera become more even. 265 In order to test the statistical significance of differences in community structure between The effect of soil horizon classification on soil abiotic variables was also assessed (Figure 4) . 282 Out of the 27 variables which were assessed here [supplementary data file 1], 12 were 283 found to correlate significantly with soil depth and between stratified soil horizons. These 284 12 include 5 of the 6 essential elements for life (C, H, N, P, S), it can also be presumed that 285 available oxygen also decreases with soil depth. Where C,N and P were compered total 286 rather than soluble levels were used, because we wanted to consider insoluble sources of 287 these elements (e.g. lignin). Given this information, it is unsurprising that the total DNA per 288 g of soil decreases with depth and that the microbial communities between soil horizons are 289 significantly different from one another (ANOSIM significance = 3.9e -4 ) (Figure 3) . 290 Conversely, the concentration of numerous elements important for life (Ca, Cu, Na, K and 291 Mn) appears to increase with soil depth -perhaps due to leaching. This is typical during 292 weathering of parent material, when the elements are realised they are leached down 293 profile (Retallack, 2001 ). The exception is K that follows decreasing trend toward the parent data is that a large number taxa vary significantly and consistently between soil horizons over 324 all six sample sites, even when measured at higher taxonomic ranks. 325 Similarly, many functional gene categories vary in abundance with respect to soil horizon, 326 although the effect is much less pronounced than for taxon abundances, with only 6 major 327 categories showing significant variation (Figure 7) . Nitrogen metabolism and carbohydrate 328 metabolism are the two which can be most obviously linked to ecosystem level processes. (Peck 2003) . 358 Carbohydrate metabolism is one of the largest SEED subsystem categories and contains many 359 subcategories of genes which are linked to the carbon cycle, therefore carbohydrate 360 metabolism genes were analyzed in more detail (Figure 8) . After multiple test corrections 361 were applied 5 categories within carbohydrate metabolism show significant variation. Poly, 362 mono, di and oligo saccharide metabolism genes all decrease moving down the soil profile, as 363 do carbon dioxide fixation genes. This is hardly surprising due to the fact that organic carbon, 364 and carbon dioxide are generally present at higher concentrations in upper soil horizons. 365 However, one-carbon metabolism genes appear to increase with soil depth, as might be It is clear that the abundances of many bacterial vary consistently between stratified soil 374 horizons ( Figure 6 ). We found that the Ktedonobacter showed the largest differential Fundamentally we know that soil stratigraphy is a function of soil chemistry (USDA 1999). 438 Our full metagenome data, for the first time, show that soil stratigraphy is strongly 439 correlated with variation in microbial community composition -as shown in figures 3 and 5. 440 Furthermore we find that the variation seen between stratified soil horizons is greater than 441 the variation seen between soil sampling sites when taken as a whole (Figure 3) . highlighted a need for more specific methods in order to make definitive statements about 448 biogeochemical processes occurring between soil horizons. The use of more specific and 449 informative functional gene ontologies or the use of meta-transcriptomic information will 450 certainly add a further level of understanding to this field. One correlation that we did not 451 investigate in this study, is the relationship between oxygen concentration and/or redox 452 potential with metagenome composition down profile. In general we would expect these to 453 decrease with depth. Clearly there is abundant microbial activity in the sediments, and 454 oxygen -as the ultimate acceptor -would certainly become limiting to microbial 455 metabolism within a cm or two of the Ah horizon (Birkeland, 1999) . representing the median, whiskers represent 1.5 time the interquartile range according to 701 Tukeys schematic boxplot method (Tukey, 1977) . representing the median, whiskers represent 1.5 time the interquartile range according to Tukey's 711 boxplot method (Tukey, 1977) . All data points are also plotted as points. 712 times the interquartile range according to Tukey's boxplot method (Tukey, 1977) . All data points are 716 also plotted as jittered points. 717 The bottom and top of the boxes represent the first and third quartiles, with the central band 771
representing the median, whiskers represent 1.5 time the interquartile range according to Tukey's 772 boxplot method (Tukey, 1977) . All data points are also plotted as points. times the interquartile range according to Tukey's boxplot method (Tukey, 1977) . All data points are 778 also plotted as jittered points. 779 the first and third quartiles, with the central band representing the median, whiskers represent 1.5 783 time the interquartile range according to Tukey's boxplot method (Tukey, 1977) . All data points are 784 also plotted as points. 785 786
